Abstract. Serum obtained from guinea pigs immunized with unfertilized C57BL/6 mouse eggs was found to be cytotoxic in the presence of complement for eggs obtained from syngeneic and allogeneic mice. The anti-egg serum was not cytotoxic for rat eggs, lymph node cells, methylcholanthrene-induced tumor cells, or 3T3 cells obtained either from syngeneic or allogeneic mice. The anti-egg serum was, however, cytotoxic for SV40-transformed 3T3 cells and C57BL/6 cells. After absorption with SV40-transformed cells, anti-egg serum lost its cytotoxicity for mouse eggs.
The antigenicity of mammalian ova has been studied primarily in immunologic reactions against fertilized eggs. The results of these investigations indicate that mouse embryos apparently can divide unhampered when implanted in nonimmunized allogeneic,1 2 single skin-graft immunized, or even xenogeneic hosts,3 4 and that only hyperimmunization of the recipient animals may prevent their growth. ',6 Blastocysts grown in vitro without zona pellucida were found to be immunosensitive to the action of cells and serum obtained from an immunized animal,7'8 but the presence of the zona pellucida seemed to decrease their immunosensitivity to immune serum7'8 without affecting their susceptibility to the effect of immune cells. 7 In addition to evidence for the presence of adult alloantigens, the existence of embryo-specific antigens has been postulated because repeated transfer of allogeneic blastocysts into male mice caused inhibition of development of subsequently implanted allogeneic and syngeneic blastocysts .9 In contrast to the above studies, we have investigated in this paper unfertilized mouse eggs with heteroimmune sera, hoping to gain information about antigenic properties of a mammalian ovum at the earliest stage of development.
Materials and Methods. Egg cells: Unfertilized eggs were obtained either from 8-to 10-week-old C57BL/6 or BALB-C virgin mice according to the technique described elsewhere.10 The cumulus o6phorus was removed by treatment with hyaluronidase."1 For immunization, the cells were washed twice in Brinster's medium (BMOC2),12 resuspended in 0.25 ml of BMOC2, and disrupted by squeezing back and forth through a syringe. The contents of approximately 100 eggs were then mixed with 0.25 ml of complete Freund's adjuvant (Difco, catalog no. 0638-59).
For cytotoxicity tests, additional eggs were obtained from 5-week-old Wistar virgin rats treated with hormones for superovulation.13 After removal of the cumulus oophorus, the zona pellucida was removed from mouse and rat eggs by treatment with a 0.25% 193 solution of pronase.'4 The cells were then washed three times in BMOC2 and maintained in this medium at room temperature until exposed to serum.
Somatic cells: MC57G and MBG are permanent tissue culture cell lines originating from methylcholanthrene-induced tumors in adult C57BL/6 (MC57G) and CBA (MBG) mice. PF-1 is a cell line originating from SV40-transformed C57BL/6 embryonic tissue.'5 The 3T3 is a line originating from normal Swiss mouse embryonic tissue, and the 3T3-SV is the same cell line transformed by SV40.16 Lymph-node cells were obtained from normal adult C57BL/6 mice.
Cytotoxicity test: Seven to 21 mouse eggs, without the zona pellucida (see above), were placed in 0.05 ml of BMOC2, at pH 7.4, in a small Petri dish and exposed to 0.05 ml of the respective dilutions of serum. The mixture was incubated at 370C in a CO2 atmosphere, and the results were recorded after an incubation time of 30 min. When inactivated serum was used in the test, groups of egg cells were first exposed to the inactivated serum and, after 10 min incubation, a drop of fresh guinea pig complement was added to the mixture. As a control, serum obtained from guinea pigs injected only with complete Freund's adjuvant was used.
The cytotoxicity test performed on the somatic cells has been described by Bodmer et al.'7; fluorescein acetate was used to stain the viable cells.
Colony inhibition test: The technique described by Hellstr6m and Sj6gren" was used, with the exception that fresh guinea pig serum was used as a source of complement instead of rabbit serum.
Membrane immunofluorescence of the somatic cells: The method described by M6ller'9 was followed. The anti-mouse egg serum and the control guinea pig serum were heat inactivated, and the rabbit anti-guinea pig gammaglobulin, labeled with fluorescein (Hyland Laboratories, Los Angeles, Calif.), was absorbed with an excess of MC57G cells before use in the immunofluorescence test.
Sera: An adult female guinea pig weighing 300 g received intradermally seven injections of unfertilized C57BL/6 eggs in complete Freund's adjuvant (see above) twice weekly. A total of 1239 eggs was injected during a 31/2-week period. Blood was obtained by heart puncture one day after the last injection, and the separated serum was stored at -25°C.
The control animal received the same number of injections consisting of complete Freund's adjuvant alone. Either fresh serum or serum inactivated at 56°C for 30 min was used. Fresh guinea pig serum was used as the source of complement. Absorption of anti-egg guinea pig serum was carried out by mixing 0.3 ml of 1:10 diluted immune serum with packed cells: 107 of PF-1 or 3 X 107 of MC57G. The mixture was kept for 1 hr at room temperature and for another hour at 4°C with occasional shaking of the tubes. Serum that contained H-2B antibody was prepared in DBA/2 mice by Dr. Joy Palm of this Institute. During a one-week period, mice were given one subcutaneous and two intraperitoneal injections of a mixture of spleen, thymus, lymph-node, and liver cells from C57BL/6 mice. The mice were reinjected intraperitoneally 50 days later with the same inoculum and were bled 6 days after the last inoculation.
Results. Reactivity of eggs in cytotoxicity test: Results ( Control guinea pig sera had no effect on either BALB-C or C57BL/6 eggs. The cytotoxic reaction was apparently complement dependent because it was abolished after inactivation of the serum by heat but restored by the addition of fresh guinea pig serum. Effect of AE serum on somatic cells: As shown in Table 2 , AE serum was not cytotoxic for MC57G and MBG tumor cells; nor was it cytotoxic for 3T3 cells originating from mouse embryo. No cytotoxicity was observed in the reaction between AE serum and lymph-node cells obtained from normal adult C57BL/6 mice. The results of colony inhibition tests confirmed the lack of cytotoxicity of the serum for MBG cells, whereas the results obtained in the same test with MC57G cells were equivocal.
In contrast, the results of repeated cytotoxicity and colony-inhibition assays with SV40-transformed PF-1 cells of C57BL/6 origin indicate that the AE serum was definitely cytotoxic for these cells. The AE serum was also cytotoxic for the 3T3 cells transformed by SV40 (3T3-SV).
In the immunofluorescence test, a larger proportion of all cells tested (Table 2 ) showed membrane fluorescence in the presence of AE serum than in the presence of either of the control sera. Figure 1 shows the membrane-type fluorescence observed with MC57G cells. It should be noted that the fluorescent "ring"~is not of uniform density around the cell but shows patches of "denser" fluorescent staining at various points on the membrane. Effect of mouse anti-C57BL/6 serum on mouse eggs: Serum produced in DBA/2 mice against C57BL/6 somatic (spleen) cells was cytotoxic (Table 3) for C57BL/6 lymph-node cells but not for 057BL/6 eggs.
Effect of further immunization of guinea pig on reactivity of its serum: In order to investigate the possibility that the exposure of the guinea pig to C57BL/6 egg antigen was insufficient to produce a serum which cross reacted more vigorously with the somatic cells, the animal described above received two more Discussion. The results presented in this paper indicate that unfertilized mouse ova, at the one-cell stage, show the presence of an antigen which induces in immunized guinea pigs formation of an antibody cytotoxic not only for eggs of the donor strain but also for eggs obtained from a strain of mice which differs from the donor strain at the H-2 locus. The anti-egg antibody was not cytotoxic for rat eggs and may, therefore, be considered as species-specific. Furthermore, the egg antigen is probably not an H-2 antigen since serum containing H-2B antibody, which destroyed C57BL/6 lymph-node cells, was not cytotoxic for C57BL/6 eggs. This finding seems to confirm the observations of Heyner et al.8 who found no evidence for the presence of H-2 antigens in eight-cell embryos obtained from fertilized mice.
The cross-reactivity of the AE serum with antigens present in the somatic cells of syngeneic and allogeneic strains of mice must be interpreted in the light of the particular test employed. In the cytotoxicity test, the AE serum failed to react with lymph-node cells obtained from the syngeneic adult mice of the C57BL/6 strain or with the 3T3 cells of "normal" embryonic origin. The AE serum was also nonreactive in cytotoxicity and colony-inhibition tests with malignant cells of syngeneic and allogeneic origin obtained from methylcholanthrene-induced tumors. In the immunofluorescence test, positive membrane fluorescence was observed in70% of MC57G cells, in 50% ofPF-1 cells, and in 40% of MBG cells ( SV4O . Using an agglutinin isolated from wheat germ lipase, Burger2l observed that whereas mouse and hamster cells transformed by either polyoma or SV40(3T3-SV) are agglutinated without any prior treatment, normal cells of the same origin will only agglutinate after treatment with proteases. In the light of these results, Burger2l postulates that viral transformation changes the structure of the cell surface sufficiently to unearth receptor sites "masked" in the normal cell. Of even more direct interest to our findings is the observation of H5iyry and Defendi"5, that on the surface of hamster cells treated with proteases, there is an antigen which reacts "specifically" with anti-SV40 serum in the mixed hemagglutination test. Thus, the antigen of the PF-1 and 3T3-SV cells, induced by SV40 transformation, may represent nothing more than an antigen already present in the one-cell ovum which is not expressed in adult normal tissue, but which can be derepressed by transformation of the cells with SV40. Whether this antigen is identical with "normal" cell antigen unmasked by treatment with proteases has still to be investigated. It Many studies have reported antigenic cross reactivity between embryonal and malignant tissue. [22] [23] [24] [25] In the light of our results, it would be of interest to determine the incidence of the sharing of embryonal antigen, at the earliest stage of development, with malignant cell antigen, regardless of origin or method of transformation. In addition, it would be interesting to study the fate of this antigen in the course of embryonic development in order to determine precisely the time of appearance of the normal "adult" transplantation antigen.
